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(54) Power supply apparatus 

(57) A power sippry apparatus includes a power 
supply circuit (100) for converting an Input voltage (Vin) 
into an output voltage (Vout) and supplying the output 
voltage to a load (160). The power supply circuit (100) 
includes a plurality of voltage conversion circuits 
(1 10,120) having different conversion eff iciencies, and a 
selection circuit (150) for selecting one of the plurality of 
voltage conversion circuits so as to improve a conver- 
sion efficiency of the power supply circuit (100). 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

[0001 ] The present invention relates to a power supply apparatus for converting an input voltage into a desired voltage 
and supplying the desired voltage to a load. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] A conventional power supply apparatus includes only one type of voltage conversion circuit. What type of volt- 
age conversion circuit is adopted by the power supply apparatus is determined in accordance with the use of the system 
including the power supply apparatus. 

[0003] Known voltage conversion circuits include a linear regulator (e.g., series regulator) and a switching regulator. 
[0004] A series regulator has features of a very small generation of electric noise and a highly stable output voltage. 
In a series regulator, the difference between an input voltage V^ and an output voltage V out is applied to both of two 
ends of a control transistor. The current flowing through the control transistor (i.e., the input current y is supplied to an 
external load as an output current 1^. Accordingly, the conversion efficiency nseries of the series regulator is deter- 
mined by the ratio between the input voltage V^ and the output voltage V out regardless of the output current 1^, as rep- 
resented by expression (1 ). 



[0005] A switching regulator has a feature that an energy loss accompanying voltage conversion is small and thus a 
high conversion eff iciency is obtained with a small number of external components. The reason for this is that although 
the conversion efficiency of the switching regulator depends on the output current l^, chopping of an input voltage V^ 
realizes a high conversion efficiency of the input voltage V jn even when the difference between the input voltage V jn and 
the output voltage V^ is relatively large. The conversion efficiency n^ ch of the switching regulator is represented by 
expression (2). 



[0006] Series regulators are used in apparatuses in which noise presents serious problems, for example, radio 
devices and measuring apparatuses Switching regulators are used in, for example, systems for which low power con- 
sumption is most desired and personal computers, especially notebook computers, in which heat generation of the 
power supply circuit itself presents problems. In this manner, the series regulators and the switching regulators are suit- 
ably used in different fields. 

[0007] In the case where an input voltage V ln is converted into an output voltage V out using a series regulator, when 
the output voltage V^ is smaller than the input voltage V^, the energy loss caused by the control transistor is exces- 
sively large. As a result, the conversion efficiency iSeries >s lowered. However, the conversion efficiency nsorios * sub- 
stantially constant with respect to the output current since the self current is sufficiently small. 
[0008] Unlike the series regulator, the switching regulator requires a complicated circuit configuration and operation 
and requires a large amount of energy to operate the conversion circuit itself. When the output current l^ is large, the 
operation energy of the conversion circuit is relatively small. Therefore, the reduction in the conversion efficiency n^tch 
is negligible. However, when the output current l^ is small, the operation energy is relatively large. Therefore, the con- 
version efficiency nswitch is reduced to a non-negligible extent 

SUMMARY OF THE INVENTION 

[0009] A power supply apparatus according to the present invention includes a power supply circuit fa converting an 
input voltage into an output voltage and supplying the output voltage to a load. The power supply circuit includes a plu- 
rality of voltage conversion circuits having different conversion efficiencies, and a selection circuit for selecting one of 
the plurality of voltage conversion circuits so as to improve a conversion efficiency of the power supply circuit. 
[001 0] In one embodiment of the invention, the plurality of voltage conversion circuits are three or more voltage con- 
version circuits. 

[001 1 ] In one embodiment of the invention, the power supply circuit further includes a detection circuit for detecting 
the output current flowing from the power supply circuit to the load, wherein the selection circuit selects one of the plu- 
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Figure 5 shows an exemplary configuration of a series regulator 210; 
Figure 6 shows an exemplary configuration of a switching regulator 220; 

5 Figure 7 shows a waveform of a current flowing through a coil L of an LC filter 230 and a waveform of a voltage 
applied to both two ends of the coil L in the second example; 

Figure 8 shows an exemplary configuration of a current monitor 140 and a selection circuit 150; 

io Figure 9 is a block diagram showing a structure of a semiconductor device 300 in a third example according to the 
present invention; 

Figure 10 is a block diagram showing a structure of a power supply apparatus 560 in a fourth example according 
to the present invention; 

15 

Figure 1 1 shows an exemplary configuration of a path switching circuit 530 in the fifth example; 

Figure 12 shows the relationship between a path switching signal 552 output from a CPU 550 and function blocks 
to which power is supplied in the fourth example; 

20 

Figure 1 3 is a block diagram showing a structure of a power supply apparatus 660 in a fifth example according to 
the present invention; 

Figure 14 is a graph showing the relationship between the output current l^ and the voltage conversion efficiency 
25 ti in the fifth example; 

Figure 15 shows an exemplary configuration of a path switching circuit 630 in the sixth example; 

Figure 16 shows the relationship between a path switching signal 552 output from a CPU 550 and function blocks 
30 to which power is supplied in the sixth example; 

Figure 17A shows an exemplary configuration of a series regulator 210a in the sixth example; and 

Figure 17B shows an exemplary configuration of a series regulator 210b in the sixth example. 

35 

DESCRIPTION OF THE EMBODIMENTS 




[0024] Hereinafter, the present invention will be described by way of illustrative examples with reference to the accom- 
panying drawings. 

40 

(Example 1) 

[0025] Figure 1 is a block diagram showing a structure of a power supply circuit 1 00 in a first example according to 
the present invention. 

45 [0026] A power supply circuit 1 00 converts an input voltage V jn into a desired voltage and supplies the desired voltage 
to a load 160 as an output voltage V out . The load 160 is provided outside the power supply circuit 100. 
[0027] The power supply circuit 100 includes voltage conversion circuits 1 1 0 and 120, a current monitor 140 for mon- 
itoring an output current l^ flowing from the power supply circuit 100 to the load 1 60, a selection circuit 150 for select- 
ing one of the voltage conversion circuits 110 and 120 in accordance with a detection signal from the current monitor 

so 140, and a reference voltage generation circuit 130 for generating a reference voltage V ref . 

[0028] The voltage conversion circuits 1 1 0 and 1 20 convert the input voltage V ln into the output voltage V out in differ- 
ent ways from each other. 

[0029] In the example shown in Figure 1 , the power supply circuit 100 includes two voltage conversion circuits. The 
present invention is not limited to this, and the power supply circuit 100 can include three or more voltage conversion 

55 circuits. 

[0030] The current monitor 1 40 monitors the output current 1^ and outputs a detection signal which indicates whether 

the current value of the output current 1^ is larger or smaller than a prescribed current value t x . 

[0031] The selection circuit 150 outputs selection signals 151 and 152. The selection signal 151 is supplied to the 
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[0046] The conversion efficiency nswilch of the switohtoS^^ Currem ( see expression (1)). 
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at a high efficiency, even when the difference between the input voltage V jn and the output voltage V out is excessively 
large (see expression (2)). As 6hown in Figure 4, the conversion efficiency i^tch of the switching regulator 220 has a 
feature of being a peak at an output current value of Ip. Accordingly, the power supply circuit 200 can have a high con- 
version efficiency when the output current value \p can be predicted at a high accuracy. It should be noted that, as can 
5 be appreciated from Figure 4, when the value of the output current 1^ is significantly diverged from the output current 
value Ip, the conversion efficiency n^teh is lowered. 

[0047] The conversion efficiency n total of the power supply circuit 200 can be obtained by optimally combining the con- 
version efficiencies r\ M1iM and nswitch- Specifically, when the value of the output voltage l^ is smaller than a prescribed 
current value l a , the series regulator 210 is selected; and when the value of the output voltage l^ is equal to or larger 

w than the preserved current value l a , the switching regulator 220 is selected. 

[0048] The current monitor 140 detects whether the value of the output current l^ is in the range of l ou t<la or in the 

range of layout, and outputs a detection signal indicating the detection result to the selection circuit 1 50. 

[0049] Figure 5 shows an exemplary circuit configuration of the series regulator 21 0. 

[0050] The series regulator 210 includes a comparator 212, a PMOS transistor MP01, and resistors R 1 and R 2 . 

is [0051 ] The comparator 21 2 receives a reference voltage V ref output from the reference voltage generation circuit 1 30 
and a voltage divided by the resistors R 1 and R 2 . An output of the comparator 212 is connected to a gate of the PMOS 
transistor MP01 . The resistors R 1 and R 2 are used for dividing the output voltage V^. A voltage obtained by dropping 
the output voltage V out using the resistor R 1 is supplied to one of two inputs of the comparator 21 2. 
[0052] The output voltage and the reference voltage V ref fulfill the relationship represented by expression (3). 



[0053] The selection signal 151 acts as an enable signal of the comparator 212. The comparator 212 operates only 
when the enable signal is at a HIGH level. More specifically, when the enable signal is at a HIGH level and V re ,>V 0Ut , 
25 the comparator 212 outputs a HIGH level signal; and when the enable signal is at a HIGH level and V^V^, the com- 
parator 212 outputs a LOW level signal. As a result, the PMOS transistor MP01 is turned on or off in accordance with 
the output voltage V^,. 

[0054] When the enable signal is at a LOW level, the comparator 212 always outputs a HIGH level signal. As a result, 
the PMOS transistor MP01 is turned off. Thus, the output from the series regulator 210 is put into a high impedance 



[0055] The circuit configuration shown in Figure 5 is an exemplary circuit configuration of the series regulator 210. 
The series regulator 210 can have an arbitrary configuration having equivalent functions as those of the circuit config- 
uration shown in Figure 5. 

[0056] Figure 6 shows an exemplary circuit configuration of the switching regulator 220. 
35 [0057] The switching regulator 220 includes a comparator 222, logical product elements 224 and 226, and switching 
transistors MP10 and MN10. The switching transistor MP10 is a PMOS transistor, and the switching transistor MN10 is 
an NMOS transistor. 

[0058] The comparator 222 acts as a switching control circuit for controlling the on and off states of the switching tran- 
sistors MP1 0 and MN1 0. The comparator 222 receives a reference voltage V ref output from the reference voltage gen- 
40 eration circuit 130 and an output voltage V^. An output from the comparator 222 is supplied to an input of one of the 
logical product elements 224 and 226. 

[0059] The selection signal 1 52 is input to an input to the other of the logical product elements 224 and 226. An output 
of the logical product element 224 is connected to a gate of the switching transistor MP1 0. An output of the logical prod- 
uct element 226 is connected to a gate of the switching transistor MN1 0. 

45 [0060] Outputs from the switching transistors MP1 0 and MN1 0 are each supplied as the output voltage through 
the LC filter 230. The LC filter 230 includes a coil L and a capacitor C. An end of the coil L is connected to an output of 
the switching transistors MP10 and MN10, and the other end of the coil L is connected to the output voltage V^. One 
end of the capacitor C is connected to the output voltage V out , and the other end of the capacitor C is grounded. 
[0061] In the case where the selection signal 152 is at a HIGH level, the following operation is performed. When 

so Vo^Vrof, the comparator 222 outputs a HIGH level signal. As a result the switching transistor MP1 0 is turned off and 
the switching transistor MN1 0 is turned on. When V out <V ref , the comparator 222 outputs a LOW level signal. As a result, 
the switching transistor MP10 is turned on and the switching transistor MN10 is turned off. By turning on or off the 
switching transistors MP1 0 and MN1 0, the current flows from the switching transistor MP1 0 to the LC filter 230 and from 
the LC filter 230 to the switching transistor MN1 0. 

ss [0062] The circuit configuration shown in Figure 6 is an exemplary circuit configuration of the switching regulator 220. 
The switching regulator 220 can have an arbitrary configuration having equivalent functions as those of the circuit con- 
figuration shown in Figure 6. 

[0063] Figure 7 shows a waveform of the current flowing through the coil L of the LC f flter 230, and a waveform of a 
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[0080] The series regulator 21 0 converts the input voltage into a desired voltage and outputs the desired voltage 
through a terminal 324. Thus, an output voltage V^, is obtained. 

[0081] The switching regulator 220 generates an AC voltage based on the input voltage and supplies the AC volt- 
age to the LC filter 230 through a terminal 326. The LC filter 230 includes the coil L and the capacitor C and is provided 

5 outside the semiconductor device 300. The output voltage is obtained as an output from the LC filter 230. 

[0082] The output voltage is input to the semiconductor device 300 from a terminal 328 through an external line 
332 provided outside the semiconductor device 300 and then supplied to a power supply port 330 of the CPU 31 0. 
[0083] In the case where the LC circuit 230 can be integrated inside the semiconductor device 300, it is not necessary 
to supply an output from the power supply circuit 200 outside the semiconductor device 300. In such a case, the output 

w voltage V out can be supplied to the power supply port 330 of the CPU 31 0 through an internal line (not shown) provided 
inside the semiconductor device 300. 



(Example 4) 



15 [0084] Figure 1 0 is a block diagram showing a structure of a power supply apparatus 560 in a fourth example accord- 
ing to the present invention. The power supply apparatus 560 selects one of a series regulator 210 and a switching reg- 
ulator 220 included in a power supply circuit 500 in accordance with a mode signal 551 which is output from a CPU 550. 
[0085] The power supply apparatus 560 includes the power supply circuit 500, a selection circuit 520, a path switching 
circuit 530, and an LC filter 230. 

20 [0086] The power supply circuit 500 includes the series regulator 210 and the switching regulator 220. A reference 
voltage V re( generated by a reference voltage generation circuit 130 is supplied to the series regulator 210 and the 
switching regulator 220. The structure and operation of the series regulator 210 and the switching regulator 220 are 
identical as those described in the second example and thus the descriptions thereof will not be repeated. 
[0087] An output from the series regulator 21 0 is supplied to a semiconductor device 51 0 through the path switching 

25 circuit 530. An output from the switching regulator 220 is supplied to the semiconductor device 51 0 through the LC filter 
230 and the path switching circuit 530. The semiconductor device 51 0 is used as a load for the power supply apparatus 
560. 

[0088] The semiconductor device 51 0 has a plurality of function blocks which are independently executable. One of 
the plurality of function blocks is, for example, a memory 51 1 . Another one of the plurality of function blocks is, for exam- 

30 pie, an operation circuit 512. 

[0089] The CPU 550 outputs a mode signal 551 indicating an operation mode in which the semiconductor device 510 
operates. For example, the mode signal 551 of a HIGH level indicates that the semiconductor device 510 is in a sleep 
mode. The mode signal 551 of a LOW level indicates that the semiconductor device 510 is in a normal mode. 
[0090] During the sleep mode, the memory 51 1 performs only a content holding operation for holding the content of 

35 the information stored in the memory 51 1 . and the operation circuit 51 2 does not operate. During the normal mode, the 
memory 51 1 and the operation circuit 51 2 both operate. 

[0091 ] The power supply apparatus 560 is structured so as to supply power only to the memory 51 1 during the sleep 
mode and to supply power to both the memory 51 1 and the operation circuit 512 during the normal mode. Thus, the 
function block or blocks to be supplied with power among the plurality of function blocks included in the semiconductor 

40 device 51 0 are changed in accordance with the operation mode of the semiconductor device 51 0. In this manner, power 
is prevented from being supplied to the functional blocks which do not require power during the sleep mode. As a result, 
current leak can be prevented, thus reducing the power consumption of the semiconductor device 510. 
[0092] In order to perform the content holding operation, the memory 51 1 requires only the power which provides the 
output current \ wt corresponding to the current leak of the memory 51 1 . Accordingly, by selecting the series regulator 

45 210 providing a high conversion efficiency at a small output current l out during the sleep mode, the conversion efficiency 
of the power supply circuit 500 is optimized. 

[0093] In a conventional semiconductor circuit using a CMOS device, it is not necessary to stop the supply of the 
power to the semiconductor circuit during a mode in which the operation of the semiconductor circuit stops (i.e., sleep 
mode). The reason for this is that the current leak of each of transistors included in the semiconductor circuit is negligi- 

so bly small. As the semiconductor process becomes more precise and the threshold value of the transistor becomes 
smaller for realizing the higher speed operation at a lower power supply voltage, the current leak is more difficult to 
ignore. Today, unless provision of power to circuits which do not need power during the sleep mode is stopped, low 
power consumption of semiconductor devices is difficult to realize. Notably, it is necessary to supply power to a memory, 
the content of which is erased by turning off the power. Power is supplied to the memory 51 1 during the sleep mode for 

ss this reason. 

[0094] The selection circuit 520 selects the series regulator 210 when the semiconductor device 510 is in the sleep 
mode (i.e., the mode signal 551 is at a HIGH level), and selects the switching regulator 220 when the semiconductor 
device 510 is in the normal mode (i.e., the mode signal 551 is at a LOW level). Such a selection is achieved by deter- 
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- 101 1 1 ] Outputs from the series regulators 21 Oa and 21 Ob are supplied to a semiconductor device 61 0 through the 
path switching circuit 630. An output from the switching regulator 220 is supplied to the semiconductor device 610 
through the LC filter 230 and the path switching circuit 630. The semiconductor device 610 is used as a load for the 
power supply apparatus 660. 

5 [0112] The semiconductor device 610 has a plurality of function blocks which are independently executable. One of 
the plurality of function blocks is, for example, a memory 61 1 . Another one of the plurality of function blocks is, for exam- 
ple, an operation circuit 61 2. The operation circuit 61 2 includes a microcontrol unit (MCU) 61 3 and a digital signal proc- 
essor (DSP) 614. 

[01 1 3] The CPU 550 outputs a mode signal 551 indicating an operation mode in which the semiconductor device 61 0 
10 operates. For example, the mode signal 551 of "00" indicates that the semiconductor device 610 is in a sleep mode 
(hereinafter, referred to as a "first mode"). The mode signal of a "01" indicates that the semiconductor device 610 is in 
a mode in which the memory 611 and the MCU 613 are operated (hereinafter, referred to as a "second mode"). The 
mode signal 551 of "10" indicates that the semiconductor device 610 is in a mode in which the memory 61 1 , the MCU 
613 and the DSP 614 are operated (hereinafter, referred to as a "third mode"). 
15 [01 1 4] For example, when the semiconductor device 610 is used as a part of a communication system, the semicon- 
ductor device 610 is either in a wait state of waiting for transmission of information or a communication state after the 
information is received. The wait state corresponds to the second mode, and the communication state corresponds, to 
the third mode. 

[0115] In the wait state, the MCU 613 and the memory 611 operate, but the DSP 614 does not operate. In the wait 

20 state, the MCU 613 performs an intermittent operation or operates at a low frequency, and thus does not consume 
much power. The power consumption of the MCU 61 3 in the wait state is, for example, 5 mA. 
[01 1 6] In the communication state, the MCU 61 3, the DSP 614 and the memory 61 1 operate. In the communication 
state, more power is consumed than in the wait state. The power consumption of the MCU 61 3 and the DSP 614 in the 
communication state is, for example, 500 mA. 

25 [0117] The sleep mode of the semiconductor device 610 corresponds to the first mode. During the sleep mode, the 
memory 611 performs only a content holding operation for holding the content of the information stored in the memory 
61 1 . The content holding operation of the memory 61 1 is achieved by providing a current corresponding to the current 
leak of the memory 61 1 to the memory 61 1 . Accordingly, the amount of current required for the content holding opera- 
tion of the memory 61 1 can be reduced by reducing the current leak of the memory 61 1 . The current leak of the memory 

30 61 1 can be reduced by, for example, applying a biasing voltage to a substrate to raise the threshold value of the MOS 
transistor. Due to such an operation, the amount of current required for the content holding operation of the memory 
61 1 can be reduced to 50 jiA. The memory 61 1 can be a volatile memory represented by a resistor, DRAM, or SRAM. 
[0118] The power supply apparatus 660 is structured so as to supply power only to the memory 611 during the first 
mode, to supply power to the memory 61 1 and the MCU 61 3 during the second mode, and to supply power to the mem- 

35 ory 61 1 , the MCU 61 3 and the DSP 61 4 during the third mode. Thus, the function block or blocks to be supplied with 
power among the plurality of function blocks included in the semiconductor device 610 are changed in accordance with 
the operation mode of the semiconductor device 610. In this manner, power is prevented from being supplied to the 
function blocks which do not require power during the sleep mode. As a result, current leak can be prevented, thus 
reducing the power consumption of the semiconductor device 610. 

40 [01 1 9] The selection circuit 620 selects the series regulator 21 0b when the semiconductor device 61 0 is in the first 
mode (i.e., the mode signal 551 is "00"), selects the series regulator 210a when the semiconductor device 610 is in the 
second mode (i.e., the mode signal 551 is "01"), and selects the switching regulator 220 when the semiconductor 
device 610 is in the third mode (i.e., the mode signal 551 is "10"). Such a selection is achieved by determining the level 
of selection signals 1 51 a, 1 51 b and 152 in accordance with the mode signal 551 . 

45 [0120] The path switching circuit 630 switches the path between the power supply circuit 600 and the semiconductor 
device 61 0 in accordance with a path switching signal 552 output from the CPU 550. 

[0121] Specifically; when the series regulator 210b is selected by the selection circuit 620, the path switching circuit 
630 electrically connects an output of the series regulator 210b to the memory 61 1 , and electrically separates the out- 
put of the series regulator 21 0b from the operation circuit 61 2 (the MCU 61 3 and the DSP 61 4). Thus, the output voltage 

50 v out fr° m the series regulator 21 0b is supplied only to the memory 61 1 during the first mode. 

[0122] When the series regulator 210a is selected by the selection circuit 620, the path switching circuit 630 electri- 
cally connects an output of the series regulator 210a to the memory 611 and the MCU 613, and electrically separates 
the output of the series regulator 210a from the DSP 614. Thus, the output voltage from the series regulator 210b 
is supplied to the memory 61 1 and the MCU 613 during the second mode. 

55 [0123] When the switching regulator 220 is selected by the selection circuit 620, the path switching circuit 630 elec- 
trically connects an output of the switching regulator 220 to the memory 611 . the MCU 613 and the DSP 614. Thus, the 
output voltage V out from the switching regulator 220 is supplied to the memory 61 1 , the MCU 61 3 and the DSP 61 4 dur- 
ing the third mode. 
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memory 611 and the MCU 613 during the second I iSe 6 regulator 210a fe *> the 

LldT^S 1££Z!!£SttV2l PM ° S ,,Bn8i8tore 632 and 633 a ' e •»* turned on during the 

Plied to one or more arbitrary tacta iSSS^TSS^S"^ " the ^ Supply **« 600 to *>« sup- 
em For example, in the case where ^S^S 6 ^^!^ m *» ^conductor device 
block and a third function HocK the path wSSSHZ « S3 , 8 <UnC,ion block> a second 
selected voltage conversion circuit o£*^^^JSE* ** 0Utput TO,ta 8 e V <- f ™ a 

Plary Uu^^^^ 9 ^ * fte and F*ure 17B shows an ex«n- 

[0133] In order that the series regulators 210a and 2ioh nhtoin ^ . 

aency of the series regulator 2, 0a is Wghest c^S^S toZecor^ version Z 
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.8 towered when the output current l out (load (J3fe s^SIh^ ^'J* 1 ™^* conversion efficiency 
— «ency fe ^ 
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(b) Reason why the conversion efficiency is lowered when the output current 1^ (load current) is excessively large: 
Although not shown in Figure 14, the conversion efficiency of the series regulator 210b becomes lower than 
the conversion efficiency of the series regulator 210a in a range where the load current is relatively large (e.g., the 
range corresponding to the second mode). The reason for this is that since the upper limit of the load current which 
can be supplied by the series regulator 210b is restricted by the current supply capability of the series regulator 
210b, as the load current increases, the conversion efficiency of the series regulator 210b is lowered by the level 
corresponding to the increase of the load current In consideration of these characteristics, the series regulator 
210a shown in Figure 17A and the series regulator 210b shown in Figure 17B are configured to have different lev- 
els of current supply capability. 

The power supply circuit 660 excluding the LC filter 230, and the CPU 550 and the semiconductor device 610 
can be formed on a single semiconductor chip. With the level of the current technology, it is desirable to provide the 
LC filter 230 outside the semiconductor chip. However, in the future, the LC filter 230 can be incorporated on the 
semiconductor chip, so that all the elements shown in Figure 13 are formed on a single semiconductor chip. 

In the example shown in Figure 1 3, the power supply circuit 600 includes three voltage conversion circuits. The 
present invention is not limited to this, and the power supply circuit 600 can include four or more voltage conversion 
circuits. 

In all the above-described examples, it is not necessary to select one of the plurality of voltage conversion cir- 
cuits in such a manner that the conversion efficiency of the power supply circuit is optimum. For example, the scope 
of the present invention includes a power supply apparatus for selecting one of a plurality of voltage conversion cir- 
cuits in such a manner that the conversion efficiency of the selected voltage conversion circuit is higher than the 
conversion efficiency of at least one non-selected voltage conversion circuit among the plurality of voltage conver- 
sion circuits. Thus, any type of power supply apparatuses which improve the conversion efficiency by selecting one 
of a plurality of voltage conversion circuits are included in the scope of the present invention. 

According to the present invention, a power supply apparatus is provided having an improved conversion effi- 
ciency as a result of selecting one of a plurality of voltage conversion circuits. Thus, the power consumption of the 
power supply apparatus can be lowered. 

Further according to the present invention, a power supply apparatus is provided having an improved conver- 
sion efficiency with respect to at least a prescribed range of output current as a result of selecting one of a plurality 
of voltage conversion circuits in accordance with the output current flowing from the power supply apparatus to a 
load. 

Still further according to the present invention, a power supply apparatus is provided having an improved con- 
version efficiency in each of various modes of a semiconductor device as a result of selecting one of a plurality of 
voltage conversion circuits in accordance with a mode signal indicating the operation mode of the semiconductor 
device. 

Moreover, power is prevented from being supplied to circuits which do not require power, by switching a path 
between the voltage conversion circuit which is selected in accordance with the mode signal and the semiconduc- 
tor device. Thus, current leak generated in a semiconductor device can be reduced. As a result, the power con- 
sumption of the semiconductor device can be lowered. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, H is not intended that the scope of the claims 
appended hereto be limited to the description as set forth herein, but rather that the claims be broadly construed. 



1 . A power supply apparatus comprising a power supply circuit for converting an input voltage into an output voltage 
and supplying the output voltage to a load, 

wherein the power supply circuit includes: 

a plurality of voltage conversion circuits having different conversion efficiencies, and 

a selection circuit for selecting one of the plurality of voltage conversion circuits so as to improve a conversion 

efficiency of the power supply circuit. 

2. A power supply circuit according to claim 1 , wherein the plurality of voltage conversion circuits are three or more 
voltage conversion circuits. 

3. A power supply circuit according to daim 1 , further comprising a detection circuit for detecting the output current 
flowing from the power supply circuit to the load, wherein the selection circuit selects one of the plurality of voltage 
conversion circuits in accordance with the output current 



Claims 



12 



10 



15 7. 



EP0 949 739 A2 

5. A power supply circuit according to claim 1 . wherein: 

the load is a semiconductor device including at least one function block, 
the semiconductor device is operable in each of a plurality of operation modes 

22£££i'^ 8 m ° de 8i9nal indicatin9 006 d *• °P era ^ ««xJes in which the semiconductor 
dev.ce operates and selects one of the plurality of voltage conversion circuits in accoriance with Smode J 

6. A power supply circuit according to claim 5. further comprising a path switching circuit for swrtchino a oath between 
the voltage conversion circuit se.ected in accordance with the mode signal and the seSuS *£. 

A power supply circuit according to daim 6, wherein: 

the pterality of voltage conversion circuits include a series regulator and a switching regulator 

S a S^e 8 mem0ry ** a " 0Perati0n *"* and is 0perable at least 10 a ,irst m ^ 

b^ihtl^!^^^ 

by the selection circuit to the memory in the first mode and 

2eSSS5J2Sf SWi ?^ th6 path 80 as to ■** 1,19 voltage from the switching regulator 
selectedbytheselectjoncrcurttothe memory and the operation circuit in the second mode. 

25 8. A power supply circuit according to claim 6, wherein: 

SS^C 96 convefSion drcute indude a first series reflulatori a seMnd series re9u,ator - a 

^ IZZZZ^ d 7^ Ude$ a memory> 3 m operation ^ a second operation ciraift. and is 

so operable at least rn a first mode, a second mode and a third mode ^ 

^r.^ 8 80 38 to Supp,y ,he ,rom lhe W ^es regulator 

selected by the selection circuit to the memory in the first mode 

S^^if^S *e path so as to supply the output voltage from th e second series regulator 

SJSS STl ™ C ' rCUrt 10 the memorv and «« ^ton circuit in the second mode, and 
SeS SZ??,? ^ 50 BS 40 ■«* *« «*» TO,ta 9° fr ™ ^ swH^inTregubtor 
SSS? ^^"^to the memory, me firatoperafiondrcuH and the second operatondrcuHin 
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